During June 1989, a sampling program was conducted to document the concentrations of nutrients, pesticides, and surfactants in ground water and surface water upgradient from the INEL in the Howe and Mud Lake areas.
Water samples were collected from eight irrigation wells, five domestic or livestock wells, and two irrigation canals. Samples from one irrigation well, one domestic well, and one irrigation canal were analyzed for dissolved trace metals: arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver.
This report describes the methods used to collect the water samples and summarizes the concentrations of nutrients, pesticides, surfactants, and trace metals in those samples. The samples were analyzed by the U.S.
Geological Survey's NWQL (National Water Quality Laboratory) in Arvada,
Colorado.
Geohydrologic Setting
The eastern Snake River Plain is a northeast-trending structural basin about 200 mi long and 50 to 70 mi wide. The plain is underlain by a layered sequence of basaltic lava flows and cinder beds intercalated with eolian, fluvial, and lacustrine sedimentary deposits. Individual lava flows generally range from 10 to 50 ft in thickness, although the average thickness may be from 20 to 25 ft (Mundorff and others, 1964, p. 143) . The sedimentary deposits consist mainly of lenticular beds of sand, silt, and clay with lesser amounts of gravel. Locally, rhyolitic lava flows and tuffs crop out or occur at depth. The basaltic lava flows and intercalated sedimentary deposits combine to form the Snake River Plain aquifer, which is the main source of ground water on the plain.
The Snake River Plain aquifer is recharged by the infiltration of precipitation and irrigation water, and by underflow from tributary valleys on the perimeter of the plain. Water recharged to the aquifer generally moves to the southwest and is discharged to springs along the Snake River approximately 100 mi southwest of the INEL (Mann, 1989, p. 4) .
The Little Lost River, Birch Creek, Camas Creek, and Mud Lake are the principal sources of water that recharge the aquifer in the Howe and Mud Lake areas (Robertson and others, 1974) . The general direction of groundwater movement is southwestward near Mud Lake and southward near Howe (Pittman and others, 1988, figure 9, p. 16 ). Water-level contours for the Snake River Plain aquifer (Stearns and others, 1939, plate 12; Lindholm and others, 1988) indicate the hydraulic gradient is steeper in the vicinity of Mud Lake than at the INEL. The steep hydraulic gradient is in an area where the upper part of the aquifer is composed of a thick sequence of sedimentary deposits.
Previous Investigations
The U.S. Geological Survey has conducted geologic, hydrologic, and water-quality investigations at the INEL since it was selected as a reactor testing area in 1949. Ground-water quality studies routinely include analyses of selected common ions, trace metals, and radionuc1ides. Pesticides in ground water were investigated at the INEL in 1980; results are described in a report by Leenheer and Bagby (1982) . No investigation of pesticides in ground water has been conducted in the Mud Lake or Howe areas by the U.S.
Geological Survey. Nutrients as nitrite plus nitrate (as nitrogen) were investigated in the Mud Lake and Howe areas as part of a general reconnaissance on ground-water quality in the eastern Snake River basin and eastcentral Idaho valleys by Parliman (1982 and 1983) . Selected trace metals in ground water at the INEL were investigated and described by Mann and Knobel (1988) .
METHODS AND QUALITY ASSURANCE
The methodology used in sampling for the nutrients, pesticides, surfactants, and trace metals generally followed the guidelines established by Claassen (1982) , Feltz and others (1985) , and Wood (1981) . Methods used in the field and quality assurance practices are outlined in the following sections.
Sample Containers and Preservatives
Sample containers and preservatives differ depending on the constituent(s) for which analyses are requested. Samples analyzed by the NWQL are contained and preserved in accordance with laboratory requirements specified by Feltz and others (1985) . Containers and preservatives were supplied by the NWQL and had undergone a rigorous quality control procedure (Pritt, 1989, p. 75) Prior to sampling, domestic or livestock wells were pumped long enough to ensure that the pressure tanks and plumbing systems had been thoroughly flushed. When flushing was complete, samples were collected from the Conditions at the sampling site during sample collection were recorded in a field logbook and a chain-of-custody record was used to track samples from the time of collection until delivery to the analyzing laboratory.
These records are available for inspection at the U.S. Geological Survey Project Office at the INEL. Field measurements of pH, specific conductance, and water temperature are listed in table 2.
Quality Assurance
A detailed description of internal quality control and of the overall quality assurance practices used by the U.S. Geological Survey's NWQL is A maximum contaminant level has not been established or proposed for ammonia and orthophosphate. , 1989) . Reporting levels are from Feltz and others (1985) . Symbols: --indicates that a maximum contaminant level has not been established or proposed for that compound.]
Triazines and other nitrogen-containing herbicides: Concentrations of MBAS are shown in table 7.
TRACE METALS
Water samples from one irrigation well, one domestic well, and one irrigation canal were analyzed for dissolved trace metals: arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver. The maximum contaminant level and reporting level for each of the eight trace metals are shown in table 8. The concentrations of cadmium, lead, and mercury in the three samples were less than their respective reporting levels defined in Feltz and others (1985) .
Arsenic, barium, chromium, selenium, and silver were detectable in most samples at concentrations greater than their reporting levels (tables 8 and 9). All the values, except one, were less than the maximum contaminant level established by the U.S. Environmental Protection Agency (table 8) .
The concentration of 50 /ig/L of chromium in ML-12 is at the maximum contaminant level (table 8) , but is less than the 100 /*g/L proposed maximum contaminant level (J. Rodin, U.S. Environmental Protection Agency, written commun., 1989).
Dissolved concentrations of arsenic, barium, chromium, selenium, and silver in the three water samples ranged as follows: arsenic, 2 to 5 barium, 32 to 110 A*g/L; chromium, 1 to 50 /ig/L; selenium, less than the reporting level at one site to 2 A*g/L; and silver, less than the reporting level at two sites to 2 /ig/L in ML-12 (table 9) . 
